We compared the use of the GlideScope® and the conventional Macintosh laryngoscope in a simulated difficult airway. The primary hypothesis was that time to intubation would be shorter using the GlideScope® than using the Macintosh laryngoscope.
The GlideScope® (Saturn Biomedical System Inc. Burnaby, British Columbia, Canada) is a new video laryngoscope that was designed for difficult airway management 1 . The device consists of a light source and video camera located in the blade of a rigid plastic laryngoscope which is connected to a separate 7 inch liquid crystal display (LCD) monitor. The GlideScope blade has a 60-degree angle that allows the larynx to be seen without aligning the oropharyngeal and laryngeal axis. The maximum thickness of the blade is 18 mm. Use of a preconfigured stylet in an endotracheal tube that matches the shape of the GlideScope facilitates delivery of the tube to the larynx. The GlideScope has been recommended for intubation for all Mallampati Grades and has been used to secure the airway in trauma patients with neck injuries 2 . Published data on its use in managing difficult airways has been promising but these are limited to case reports and cohort studies [2] [3] [4] .
We aimed to compare the use of the GlideScope and the conventional Macintosh laryngoscope in managing a simulated difficult airway. We simulated a difficult airway in each patient by having an experienced assistant provide in-line manual stabilization of the head and neck during tracheal intubation [5] [6] [7] [8] . The primary hypothesis was that use of the GlideScope would result in shorter tracheal intubation times than use of the Macintosh laryngoscope. We also evaluated the rate of successful tracheal intubation, the difficulty of tracheal intubation, best laryngeal view seen during intubation, and complications associated with the intubation attempts.
MATERIALS AND METHODS
This randomized controlled trial was approved by the hospital ethics committee and written informed *M.Med, Registrar. †M.Med, Senior Consultant consent was obtained from all subjects. We recruited 60 ASA 1 and 2 patients admitted for elective gynaecological procedures. We assessed the patients for features of difficult intubation using the modified Mallampati classification (Class 1: soft palate, uvula, fauces and pillars visible, Class 2: soft palate, fauces and pillars visible, Class 3: only soft palate visible, Class 4: soft palate not visible) and recruited only patients with Mallampati classification grades 1 and 2. Patients with risks for aspiration (obesity, hiatus hernia and gastro-oesophageal reflux) or evidence of a potentially difficult airway were excluded in our study. We randomized the patients into two groups using sealed opaque envelopes. Group G (n=30) had tracheal intubation performed using the GlideScope and Group M (n=30) had tracheal intubation performed using the conventional Macintosh laryngoscope. Twenty anaesthetists in our department with more than two years of anaesthetic training participated in this trial. The anaesthetists' experience with the GlideScope ranged from being a novice user (no previous attempt at tracheal intubation with the GlideScope) to having had more than 10 successful tracheal intubations using the GlideScope ® . We recorded their level of experience with the GlideScope at recruitment. All the anaesthetists read the Glide-Scope instruction manual and, prior to participation in the study, were given verbal instructions on the parts and functions of the GlideScope by the investigators.
Electrocardiogram, pulse oximetry, capnography and non-invasive blood pressure monitoring was initiated. Anaesthesia was induced with intravenous (IV) propofol 2-3 mg/kg, fentanyl 1-2 µg/kg and atracurium 0.5 mg/kg. The patients were ventilated for three minutes using isoflurane 1%, and 30% O 2 in 70% N 2 O. We simulated a difficult airway in each patient by removing the patient's pillow and having an experienced assistant provide in-line manual stabilization of the head and neck. The assistant, positioned at the side of the patient, prevented movement of the patient's head and neck by holding in-line the sides of the neck and the mastoid processes. The anaesthetist would then introduce a 7.0 mm ID tracheal tube with stylet into the trachea with the aid of the assigned intubating device.
With the GlideScope, the blade was introduced into the patient's mouth in the midline and advanced down the posterior pharynx until the glottic opening was seen on the LCD screen. With the Macintosh laryngoscope, the blade was used to displace the tongue to the left and direct visualization of the glottic opening was attempted with cervical immobi-lization in place. The anaesthetist then introduced the tracheal tube with stylet and correct placement was confirmed with capnography. External laryngeal pressure, adjustment of the angle of the tracheal tube with adjustment or partial withdrawal of the stylet, increased lifting force of the intubating device and slight withdrawal of the blade were allowed to facilitate the tracheal intubation. The anaesthetist was asked to grade:
(i) The best laryngeal view and score it using the 5-grade modified Cormack GlideScope (Level 0: no previous experience with the GlideScope, Level 1: 1-5 previous tracheal intubations with the GlideScope, Level 2: 6-10 previous tracheal intubations with the GlideScope ® and Level 3: >10 previous tracheal intubations with the GlideScope). The anaesthetist was allowed two attempts or up to 120 seconds to intubate the trachea successfully. We defined an attempt as insertion and complete withdrawal of the blade of the intubating device from the patient's oral airway. After two failed attempts, a second anaesthetist had one more attempt to secure the airway using the assigned device. Failure to secure the airway after three attempts by two different anaesthetists resulted in the abandonment of the study 11 . The assistant would then release the in-line manual stabilization of the head and neck and allow the anaesthetist to perform routine tracheal intubation using the Macintosh laryngoscope.
Our primary comparison measure was time to successful tracheal intubation. We aimed to show a 50% decrease in tracheal intubation time for which 30 subjects in each group would provide 80% power at 0.05 level of significance. We used Student's t-test to analyse the intubation times and Mann-Whitney U-test to compare the best laryngeal view between the two groups. Chi-square test was used to compare the incidence of complications and Spearman R test was used to evaluate the relationship between Cormack and Lehane grade versus intubation times. A value of P<0.05 was considered significant.
RESULTS
The patient demographic profiles were similar in the two groups ( Table 1 ). All subjects in both groups were successfully intubated with the assigned intubating device while neck stabilization was maintained. The number of attempts required for successful tracheal intubation was similar in the two groups.
There were significant differences in the Cormack and Lehane grading between the two groups. Good laryngeal view (MCLS 1 and 2a) was seen in 93% (28/30) of the patients in Group G versus 40% (12/30) of the patients in Group M. Poor laryngeal view (MCLS 2b and 3) was obtained in 7% (2/30) of the patients in Group G and 60% (18/30) of the patients in Group M. Time taken for successful tracheal intubation was significantly shorter with the GlideScope than the Macintosh laryngoscope (mean 41.8 s±SD 20.2 vs 56.2s±26.6, P<0.05) ( Table 2 ).
There was a correlation between better laryngeal grade and shorter time to successful tracheal intubation (correlation coefficient R=0.448, P<0.05) (Figure 1 ). There was also significant correlation between experience of operators using the Glide-Scope and time to successful tracheal intubation (correlation coefficient R=0.581, P<0.05). Anaesthetists with no previous experience (experience level 0) with the GlideScope took significantly longer to perform the tracheal intubation compared with anaesthetists with previous experience in using the GlideScope (experience level 1, 2 and 3) ( Table 3 ).
The median difficulty score for performing the tracheal intubation was not significantly different between Group G (median 20, range 0-90) and Group M (median 10, range 0-70) (P>0.05). Significantly more anaesthetists in Group M than G needed 245 GLIDESCOPE® VS MACINTOSH LARYNGOSCOPE Values mean±SD, median (range) or proportions of patients (%). *P<0.05, significant difference detected between the two groups. to increase the lifting force during laryngoscopy for successful tracheal intubation (80% (24/30( vs 10% (3/30(, P<0.05). More anaesthetists in Group G needed to adjust the stylet and withdraw the blade 2-3 cm prior to successful tracheal intubation. This was due to the inability to align the tip of the tracheal tube with the glottic opening despite adequate glottic visualization. Two patients in Group G and five patients in Group M had some blood stained secretions after intubation, suggestive of trauma to the airway during intubation ( Table 2 ).
DISCUSSION
We showed that the GlideScope improved the laryngeal view and significantly shortened the time for successful intubation in simulated difficult airway situations.
In Group M, 60% of the patients demonstrated poor grades of laryngeal view (Cormack and Lehane grades 2b and 3) during conventional laryngoscopy while in-line manual stabilization of the head and neck was applied 5, 14 . Direct laryngoscopy with a conventional Macintosh laryngoscope requires alignment of the oropharyngeal and laryngeal axes to provide a laryngeal view. Failure to achieve this alignment when cervical immobilization was in place significantly worsened the view of the glottis. The GlideScope operates on a videolaryngoscope system and was less affected by cervical immobilization 6 . Avoiding the need to align the three axes for tracheal intubation also decreased the need to increase the lifting force during laryngoscopy in group G as compared with Group M. This protects the patients' cervical spine and is potentially less haemodynamically stimulating to the patients. This would be useful in trauma patients with head injuries where movements of the spine and increased intracranial pressure are both detrimental. Visualization of the glottis through the LCD monitor also means that the anaesthetist can maintain operator-patient distance during tracheal intubation and could be useful in patients who might have infectious diseases (e.g. HIV or SARS).
The 15 second mean decrease in intubation time with the GlideScope, although statistically significant, may not, in itself, be clinically significant. However, good laryngeal views have been consistently shown to improve the likelihood of successful tracheal intubation 12, 13 . This was also demonstrated in our study, when we found significant correlation between better Cormack & Lehane grade and shorter time to tracheal intubation.
The generalizability of our results may be limited by the fact that our subjects were all women as our institution does not deal with adult males. We performed a search of Medline and did not find any papers primarily reporting a link between gender and difficult intubation, although this information may exist within other papers. Although designed originally for rating quality of laryngeal view by direct laryngoscopy, the Cormack and Lehane classification and its modifications have been applied to assessing views obtained using other equipment and no other grading system has been introduced for devices using other methods for viewing the larynx. From first principles, the quality of laryngeal view as described in the Cormack and Lehane grading seems pertinent to assessment of laryngeal view, whatever device is used.
A study that described difficult intubation in the presence of easy laryngoscopy attributed the main reason to be due to an anteriorly placed glottis 15 . In our experience with the GlideScope, the glottic opening was frequently found to be anterior to the tip of the pre-shaped styletted tracheal tube. This caused the tip of the tracheal tube to impact against the aryepiglottic folds (posterior to the glottic opening) and prevented advancement of the tracheal tube into the trachea. External laryngeal pressure and withdrawal of the GlideScope blade allowed the glottic opening to move posteriorly and facilitated tracheal tube insertion. In Group G, 37% of the patients needed withdrawal of the blade and 70% needed external laryngeal pressure, manoeuvres that aligned the tracheal tube and the glottic opening. We recommend that anaesthetists encountering problems with Correlation coefficient R=0.448, P<0.05 
